Abstract Purpose: This study aimed to assess the role of MDCT in evaluation and management of blunt splenic injury. Patients and methods: We retrospectively traced clinical data of patients who underwent MDCT for suspected blunt traumatic intra-abdominal injuries and were admitted in general surgery department of Nizwa Hospital, Oman, during period from March 2012 to February 2013. 44 patients were found to have splenic injuries that were verified either during laparotomy or with clinical notes during hospital stay. The initial MDCT findings were correlated with the final diagnosis and management of the patients. Results: The 44 splenic injuries were classified according to American Association for Surgery of Trauma (AAST) grading scales, and 32 of them (72.7%) underwent non-operative management. Of the 7 patients with contrast material extravasation (CME), all underwent spleen-related laparotomy (100%) and demonstrated active bleeding during surgery. Only 5 of the remaining 37 patients without CME (13.5%) required spleen-related laparotomy. The difference was statistically significant (p < 0.01). Conclusion: MDCT evaluation of blunt splenic injuries provides accurate diagnosis which is helpful in determining the proper plan for successful management strategy.
Introduction
The incidence of splenic injury in polytrauma patients was reported to be 44% (1) . Also, the mortality risk associated with uncomplicated splenectomy can reach 30-40% (2) . Even now, figures suggest that asplenic people have a 5% risk of developing septic complications, resulting in mortality rates of up to 70% (3) . The recent trend in management of splenic trauma is preservation whenever possible (4) , and consequently nonoperative management (NOM) of splenic injury is nowadays the most common management strategy in haemo-dynamically stable patient (5) . Advances in imaging techniques, namely computerized tomography, have allowed more patients to be treated non-operatively or conservatively (6) . Computed tomography technology has improved dramatically since the introduction of the multidetector CT (MDCT) scanner. The high speed and thin collimation of MDCT allow data acquisition through a wide range during a single breath hold (7) . However, the decision for operative management (OM) is still based on clinical criteria rather than on imaging findings, and CT information frequently increases the diagnostic confidence of the surgeons and influences clinical management decision (8) .
This study aimed to assess the role of MDCT in proper evaluation and management of blunt splenic injury.
Patients and methods

Patients
We retrospectively traced clinical data of all patients who underwent MDCT for suspected blunt traumatic intraabdominal injuries and were admitted in general surgery department of Nizwa Hospital, Oman, during period from March 2013 to February 2014. The clinical data of 138 patients with blunt abdominal trauma were recorded including patient age and sex, mechanism of injury, hemodynamic parameters upon admission, laboratory data, imaging studies, interventions, blood transfusions and associated injuries. The existence of 44 splenic injuries was verified either during laparotomy or with clinical notes during hospital stay, for those patients who were included in this study.
All patients who were managed conservatively were traced on follow-up notes and outcome of patients at the end of follow-up. The initial MDCT findings were correlated with the final diagnosis and management of the patients.
Imaging protocol
All examinations were performed on 128-slice MDCT system (Philips-Ingenuity) with a collimation of 128 · 0.625 mm and a reconstruction section thickness of 1 mm. A voltage of 120 kV and 300 mA s was used for normal-sized patients. The iterative dose was applied to optimize the current (mA) relative to body attenuation. The resolution was standard and the pitch was 1 (see Figs. 1-6). A 90 ml of low osmolar non-ionic contrast material (Iohexol 300 mg I/ml) was injected at a rate of 3 ml/s and followed by 30 ml saline at a rate of 3 ml/s.
Our standard trauma protocol included two phases: the arterial phase (AP) and the portal venous phase (PVP) which were obtained at 30 s and 70 s after the initiation of contrast material injection. Additional delayed scan after 360 s was done in 12 patients with renal injury.
The first arterial phase, which also included thorax, started at the level of seventh cervical vertebrae and ended at the level of iliac crest, and the second portal venous phase started just above the diaphragm and ended at the ischial tuberosities. Isotropic raw data acquired at MDCT were displayed in axial, coronal and sagittal images in the second workstations.
Imaging analysis
Splenic injury was graded according to criteria of American Association for Surgery of Trauma (AAST) for the Organ Injury Scaling Committee (9) [ Table 1 ]. Presence of perisplenic or intrasplenic contrast media extravasation (CME) was recorded when we detected a collection with attenuation similar to or greater than that of the aorta or a major adjacent artery, and greater than that of the spleen. The associated abdominal injuries as detected by MDCT were also recorded.
Statistical analysis
Statistical analyses between splenic injury grades, CME and management were done by using Chi-square and Fisher's exact tests. A p-value of less than 0.01 was considered statistically significant.
Results
During the study period, 138 patients underwent MDCT of the abdomen for blunt abdominal trauma, and 44 patients (31.9%) were found having splenic injury. Of these 44 patients, 32 patients (72.7%) were male and 12 patients (27.3%) were female with mean age 29 years and median 26 years (range 13-71 years). Two car collisions were the most common cause of trauma (70.2%), followed by falling from height (22.2%). Initial MDCT was performed within 6 h of trauma in 41 (93.2%) and after 24 h in 3 patients (6.8%).
Of 44 patients with splenic injury, 30 patients demonstrated only splenic injury (68.2%) and the rest were having associated liver injury (n = 13), kidney injury (n = 12), bowel and mesenteric injury (n = 8), stomach (n = 1) and/or pancreatic injury (n = 1). 8 patients had two intra-abdominal visceral injuries while the remaining 6 patients had three or more injuries [ Table 2 ].
The 44 splenic injuries in this study were classified according to AAST grading scales for organ injury and 32 of them (72.7%) underwent NOM. Of 11 patients with grade III splenic injury, 1 patient demonstrated perisplenic CME and was treated surgically. 5 of 9 patients with grade IV splenic injury were also treated surgically, and 3 of them had CME (1 intrasplenic and 2 perisplenic) and deteriorated hemodynamically after CT examination, while the other two patients had associated significant bowel and mesenteric injury detected by MDCT [ Table 3 ].
Of 12 patients who underwent OM, 2 patients underwent splenorrhaphy (1 with grade III injury and 1 with grade IV injury). Splenectomy was performed to the remaining 10 patients, including 6 patients with grade V injury and 4 of the 9 patients with grade IV injury. Splenic artery embolization facility was not available in our hospital during study period.
Of the 7 patients with CME, all underwent spleen-related laparotomy (100%) and demonstrated active bleeding during surgery, but only 5 of the remaining 37 patients without CME (13.5%) required spleen-related laparotomy; the difference was statistically significant (p < 0.01) [ Table 4 ].
All patients who underwent either NOM or OM were followed for six months according to our hospital protocols. None of our patients who underwent NOM or splenorrhaphy, were presenting with features of delayed rupture of spleen.
Statistical analysis showed significant correlation between grades of injury, CME and type of management. Those with high grade organ injuries with evidence of CME were more likely to have operation compared to those with low grade organ injuries and no evidence of CME [ Table 5 ].
Discussion
The aim of non-operative management (NOM) for splenic injury is to preserve its immunologic and hematologic functions (10) . With increasing popularity of non-operative treatment for solid organ injuries in blunt abdominal trauma patients, the proper diagnosis and management of these patients now are focusing on detecting active bleeding and the presence of the bowel, mesenteric, or pancreatic injuries demanding laparotomy. Computed tomography is one of the most valuable tools in the diagnostic workup of trauma patients (11) .
Until now, selection of surgical or non-surgical management for blunt splenic trauma is mainly based on clinical criteria of the patient, including the age, hemodynamic status, and injury severity scores (12, 13) .
Contrast material extravasation (CME), which was a rare finding on conventional CT images of patients with blunt abdominal trauma (14) , becomes nowadays more frequently detected with the MDCT (15) . Active bleeding as a result of splenic vessels injury could be detected on CT scans as a focal intrasplenic or perisplenic CME (16) . These patients are usually hemodynamically stable at the time of CT examination but about 40-90% of them may become hypotensive shortly thereafter (16, 17) . Fig. 6 MDCT of 18-year-old man with grade-V splenic injury: (a) axial images obtained in portal phase showed fragmented spleen with perisplenic contrast media extravasation seen in hilum and perisplenic space. Marked hemoperitoneum was noted. (b and c) Axial and coronal maximum intensity projection (MIP) confirmed the previous finding and showed fragmentation of the spleen with multiple tortuous jets of high density contrast were seen extending from hilum to beyond lateral border of the spleen denoting laceration of hilar arterial branches, main splenic artery and few of hilar branches were still intact and maintain perfusion and enhancement of few splenic fragments. In our study, 7 of 44 patients (15.9%) showed CME in their MDCT examinations and all of them were treated surgically (100%) with confirmed active bleeding during laparotomy. Meanwhile, 5 of the remaining 37 patients (13.5%) without CME required spleen-related laparotomy. The difference was statistically significant (p < 0.01) and CME can consider a reliable predictor in management planning.
Our study showed that CME was more frequently encountered in patients with higher grade injuries (grades IV and V) than other grades (85.7% vs 14.3%) which may be explained by the high shearing impact of a higher grade splenic injury which might cause vascular tearing.
However, we also could not detect CME in 50% of patients with grade V injury who necessitate surgical treatment. So, we suggest that splenic injury grade still has a significant effect on the selection and success of NOM, coping with the finding of Nix and colleagues (18) .
NOM was decided for 4 of 9 patients with grade IV splenic injury after exclusion of significant bowel and mesenteric injury by MDCT as well as absence of CME. All of them were doing well without noticed complication during hospital stay and during period of follow-up.
Garber (19) is the author of a multi-centric retrospective study, made in Ontario (Canada), which validates that NOM is the preferred therapeutic method (in 69% of patients), followed by splenectomy (28%) and splenorrhaphy (4%) in non-trauma centers and 65%, 33% and 2% respectively in trauma centers. In our study, we had higher rate of successful NOM (72.7%) and lower rate of splenectomy (22.7%). This may be explained by more proper selection of the patients for NOM after accurate evaluation of splenic injury grades by MDCT with exclusion of active bleeding, evidenced by CME, as well as other significant injuries such as bowel perforation which is contraindication for NOM.
Conclusion
MDCT evaluation of blunt splenic injuries provides accurate diagnosis including injury grades, associated active bleeding and/or other visceral injury, which are helpful in determining the proper plan for successful management strategy and decreasing the rate of unnecessary exploratory laparotomy.
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